Body shortening was observed in the pearlfish Carapus homei during metamorphosis. The tenuis larva at first possessed a suite of osseous vertebral bodies of similar length. The reduction in both the number and size of vertebrae followed increasing decalcification, degeneration of organic tissue and shortening. This involved a complete degradation and disappearance of the caudal tip vertebrae, and there was a reduction in the size of most of the remaining vertebrae. The further development of the vertebrae began with ossification of the neural and haemal arches before that of the vertebral body. This second part of the development followed a gradient: a gradual decreases towards the caudal tip in the size of the vertebrae and their completeness. 
INTRODUCTION
In the animal kingdom, metamorphosis refers to an abrupt change in the form or structure of an organism during post-embryonic development, between the larval and juvenile phases (Youson, 1988) . More than a change in form, the transformation also results in a change in physiology, behaviour and ecology (Fritzch, 1990; Balon, 1999) . A drastic metamorphosis usually takes place before the change in habitat, e.g. the tadpole transforms into an adult before moving on land (Wassersug, 1996) , the leptocephalous arguillid transforms in the sea before migrating into fresh water (Wang & Tzeng, 2000) , metamorphosed juvenile fishes leave the plankton to settle on the coral reef (Balon, 1999) and the larvae of flatfishes (Pleuronectiformes) metamorphose in the pelagic before moving to a benthic environment in estuaries (Marchand, 1992; Lagarde`re et al., 1999) .
Although metamorphosis is known in various aquatic vertebrate groups, a description of development is rare and is only detailed in a few groups. A very
MATERIALS AND METHODS
Adult and juvenile specimens of C. homei were collected in Opunohu Bay, (149 85 0 E; 17 5 0 S) Moorea, French Polynesia. They were found, between July and August 2000, in the body cavity or in the respiratory trees of the holothurian Bohadschia argus. Carapus homei tenuis were caught when they arrived on the reef crest with a net similar to that used by Dufour et al. (1996) . Six tenuis were placed with specimens of B. argus in different tanks running with sea water during 1 or 2 weeks. All experimental and caught specimens were anaesthetized in MS-222 and preserved in 70% ethanol. A total of 10 tenuis and five post-tenuis C. homei were used.
Different specimens of each developmental stage were stained either with alizarin red S or with alcian blue according to the method of Taylor & Van Dyke (1985) . The coloured fish were dissected and examined with a Wild M10 binocular microscope coupled to a camera lucida.
Cross-sections were made in the middle and posterior part of tenuis larvae and juveniles. Slices of tissue were embedded in Paraplast. Histological sections were cut at 5 mm and two kinds of staining were applied: Romer's colouring and Gallego's ferrous fuschine which emphasize the bone and cartilage.
RESULTS
In the tenuis larvae, the anterior vertebral bodies have a 'diabolo-like' form, are osseous and dorsally and ventrally flanked by thin cartilaginous neural and haemal arches (Fig. 2) . Carapus homei tenuis larvae are between 149 and 183 mm L T (n ¼ 6) while the juveniles are much smaller, between 52 and 70 mm L T (n ¼ 3). The skeleton of the vertebral column of the tenuis larva is made of 177-198 osseous vertebral bodies of a similar shape, with a length of between 0Á8 and 1Á2 mm (Figs 2 and 3 ). Neural and haemal arches are present only in the form of thin cartilaginous rods except for the first three vertebrae where the neural arch is already ossified. These three vertebrae are the only ones to bear lateral epineural ribs.
Juveniles, on the other hand, have only 124-125 vertebrae. The anterior vertebrae are the most developed, with a vertebral body, a neural arch and ossified parapophyses (Fig. 2) . Posterior to these vertebrae, the bones and their neural and haemal arches are gradually less complete and are reduced to 'mere outlines' at the caudal tip (Fig. 2) . Unlike the tenuis larva caudal tip vertebrae, the caudal vertebral bodies of the juvenile are not completely ossified, but ossification is seen in the neural and haemal arches ( 
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number of vertebrae in tenuis larvae (Fig. 4) . Moreover, except for the first 10 vertebrae, all the juvenile's vertebrae are shorter than their counterparts in the tenuis larva and this difference becomes progressively more pronounced towards the tail. For example, the length of the 10th vertebral body in the juvenile is 88% of that in the tenuis larva; it is 49% for the 60th vertebrae and 22% for the 100th (Fig. 3) . The vertebral column of the adult has the same number of vertebrae as the juvenile; the vertebrae are similar but more developed. The posterior vertebrae of the adult are also less complete than the anterior ones and are not totally ossified; their size is even smaller than those of the tenuis larvae (Figs 1, 2 and 4). In the vexillifer and tenuis larvae, juveniles and adults, each vertebra is related to one myoseptum. The length of the myomeres has hence decreased as has that of the vertebral centra.
In the tenuis larva, the ossified vertebrae completely surround the notochord (Fig. 5) . These structures are enclosed in a sclerotome that extends around the nerve chord, the blood vessels and cartilaginous neural and haemal arches. In the developing vertebrae of the juvenile, the osseous tissue of the vertebral bodies appears thicker and bones also surround the cartilage of the neural and haemal arches, and the sclerotome is highly reduced (Fig. 5) .
Observations of the tenuis larva at different stages of metamorphosis highlighted the following succession of events: the tenuis at first possessed a suite of vertebrae of similar length [ . This succession of events, however, was clear only in the caudal tip of the metamorphosing fish and a more complicated model was necessary for the whole axial skeleton.
DISCUSSION
In teleosts in general, the development and ossification of the neural and haemal arches precede those of the vertebral bodies (Potthoff et al., 1986 (Potthoff et al., , 1988 Powell & Tucker, 1992; Koumoundouros et al., 1999) . The vertebral mode of V115-180, vertebra number counted from the posterior end of the skull. Grey corresponds to the osseous parts of the vertebrae.
development seems to be original in the C. homei tenuis larva where the formation of vertebral bodies precedes the ossification of the arches. In C. homei, the usual pattern of vertebral development described by Pothoff et al. (1988) is observed only in the caudal part after metamorphosis. Generally speaking, the metamorphosis could be schematically explained in terms of gradients. The reduction of the number and size of vertebrae follows an increasing decalcification, histolysis and shortening gradient (Fig. 7) . This results in a complete degeneration of organic tissue of the vertebrae of the caudal tip whereas the first 10 vertebrae are largely unaffected. The morphological modification of the axial skeleton from the juvenile to the adult (Fig. 2) could be explained by another gradient: a constructive gradient (Fig. 7) , which decreases gradually towards the caudal tip and induces a vertebral axis with progressively shorter and less complete vertebrae. Additional data are needed, however, to determine the exact factors resulting in the gradient, to define the chronology of events and to quantify both gradients.
According to Youson (1988) , metamorphosis is marked by an abrupt transformation from the larval phenotype. The metamorphosis involves two morphogenetic processes: 1) transformation of larval tissues and organs into those of the adult and 2) regression and eventual loss of larval structures.
Metamorphosis is accompanied by a shortening of the body length in numerous leptocephalus larvae (Pfeiler, 1999) . In these the body axis consists of a gelatinous non-cellular matrix surrounded by a thin layer of muscle tissue (Pfeiler, 1999) . The matrix provides structural support in the absence of a vertebral column, and later it provides the necessary energy and nutrients in the absence of exogenous nutrition during metamorphosis (Pfeiler, 1999) . A 
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strategy for the use of larval reserves also exists in anurans where the resorption of the tail could also provide the metabolites required for the elaboration of new tissues in the absence of exogenous food during metamorphosis (Houdry & Beaumont, 1995) . 
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In the tenuis larva, the reduction in size is not only the consequence of a reduction of the number of vertebra but also results in length diminution and osseous resorption of the remaining vertebrae. Possibly, the components of the degraded vertebrae and the breakdown of the sclerotome of the tenuis larva furnish the necessary metabolites for the formation of the anterior region in the juvenile, especially for the growth of the otoliths (Parmentier et al. 2002b) and in the development of the buccal apparatus (unpubl. data).
The unique feature of C. homei, however, lies in the ossification of all the vertebral bodies in the larval stage before metamorphosis. The vertebral column of leptocephalus larvae and the caudal tips of tadpoles are devoid of vertebrae or osseous supports, which appear only at the end of metamorphosis (Nishikawa & Wassersug, 1988; Wassersug, 1989 Wassersug, , 1996 Pfeiler, 1997; Tsukamoto & Okiyama, 1997) . This fundamental difference in the organization of the development could be related to their way of life. In order to enter its invertebrate host, the tenuis larva executes important body undulations (Arnold, 1956, pers. obs.) that would require a solid and flexible axial skeleton.
In non-symbiotic species, metamorphosis usually seems to occur before the settlement in a new environment (Marchand, 1992; Lagarde`re et al., 1999; Wang & Tzeng, 2000) . On the other hand, in different parasitic species, the transition from a free living stage to a parasitic stage can also occur when the host is encountered. For example, diverse larvae of copepods and trematode cercariae develop fixing organs when they have found their host (Cassier et al., 1998; Bush et al., 2001 ). In C. homei, metamorphosis occurs also after the conquest of their new environment, the host. The caudal metamorphosis, however, does not 
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seem to imply a morphological adaptation to the life inside the host but could rather be linked to the evolutionary history of the Carapidae. The tenuis stage, with an important body length shortening, appears to be present mainly in Carapidae species (Carapus, Encheliophis and Onuxodon), which have relationships with invertebrate hosts living on the reef crest. This shortening is far less important or non-existent in Carapidae species that live in the open sea (Nielsen et al., 1999) . The commensal and parasitic species probably evolved from species living in open waters (Trott, 1970; Williams, 1984) . As metamorphosis is the developmental strategy that has been selected to permit delay in development of definitive characteristics (Youson, 1988) and because the Carapidae larvae are pelagic, it is possible that, during their evolution, the body lengthening has been related to the longer lapse of time required to reach shallow waters and to find a host for the first time.
The metamorphosis leading from the tenuis larva to the juvenile in C. homei is unique among vertebrates. Its study could constitute an interesting biological model to better understand the phenomena of organic tissue degeneration and reorganization of the osseous structures and the influence of environmental factors on metamorphic processes. Observations on two other Carapini species, Carapus boraborensis (Kamp) and E. gracilis (pers. obs.) suggest that this peculiar metamorphosis could be typical at least of this Carapidae tribe.
